We report on investigations of the superconducting energy gap of the A15 superconductor Nb 3 Sn by point-contact spectroscopy of breakjunctions. The voltage-dependent differential conductance dI/dV reveals features of a second energy gap besides the energy gap known from previous tunnel measurements with maxima at ∆ 1 = 3.92 ± 0.16 meV and ∆ 2 = 0.85 ± 0.17 meV as derived from a histogram summarizing the data of more than 60 contacts. These findings are the first spectroscopic evidence that Nb 3 Sn belongs to the class of two-band superconductors and they are in line with low-temperature specific-heat measurements on Nb 3 Sn.
Multi-band superconductivity is an outstanding issue of recent research. Although theoretical considerations last back already to early 1960s 1,2 , for a long time there was no experimental evidence of its realization in nature. The discovery of two-band superconductivity in MgB 2 has revitalized the interest in multigap superconductivity. A first experimental hint at the opening of multiple gaps at the Fermi energy is a low-temperature anomaly in the specific heat c(T ) in the superconducting state of the superconductor. Instead of the predicted exponential decay below T c according to single-gap BCS theory 3 , a plateau at low temperatures occurs. In MgB 2 the specific heat can be satisfactorily explained in a two-band superconductor model 4 , which considers the contribution of each band independently for negligible interband scattering. Recently, measurements of the specific heat of Nb 3 Sn have shown a similar behavior, namely the non-exponential decay and a plateau at low temperatures. It has been quantitatively ascribed to the presence of a second superconducting gap 5 , which affects only 7.5 % of the electronic density of states. We performed point-contact spectroscopy on Nb 3 Sn in order to directly probe the structure of the superconducting energy gap spectroscopically. This method is a useful tool to clearly identify different energy gaps as it was done, e. g. for MgB 2 6,7 , and to investigate gap anisotropies 8 .
The sensitivity of point-contact spectroscopy on the energy gap results from almost ballistic quasiparticles which probe the local density-of-states at the superconductor-normal metal or superconductor-superconductor interface of a constriction. Our measurement confirm the existence of a second energy gap in Nb 3 Sn.
Nb 3 Sn is a strong coupling s-wave superconductor with a critical temperature T c ≈ 18 K and an upper critical field H c2 ≈ 25 T. It is a technically relevant superconductor used, e.g.
in magnet coils. A recent review summarizes the properties of Nb 3 Sn from a metallurgical point of view 9 . Early measurements of the electronic structure of Nb 3 Sn were done by the use of tunnel spectroscopy on thin-film tunnel junctions [10] [11] [12] [13] [14] [15] . A satisfactory interpretation of the tunnel data always had to postulate a proximity-induced surface layer or normal conducting grains in order to explain the obvious features at low bias in terms of leakage currents. We used a polycrystalline bulk sample synthesized at the Karlsruhe Institute of V spectra. However, the size of the major energy gap is considerable lower than the value ∆ = 3.15 meV reported in literature 15 . The reduced gap value is a consequence of the degradation of the superconducting properties at the surface caused by oxidation of the sample surface. To avoid such surface effects in the contact region we used the breakjunction technique to prepare Nb 3 Sn point contacts with a fresh, non corrupted interface. On a tiny bar of Nb 3 Sn with a notch to predetermine the breaking point we attached four leads. The assembly was glued on an insulating substrate by use of stycast epoxy resin and then mounted to the low-temperature end of our point-contact device. In our measuring system we were able to break the bar in situ at low temperature and under a 4 He atmosphere, resulting in Nb 3 Sn-Nb 3 Sn homo contacts, i. e. superconductor/superconductor point contacts with a fresh interface. The breakjunction resistance is varied by opening and closing the junction in a controlled fashion at low temperatures and the contact resistance is monitored during the whole measurement series. We have measured the differential conductance of more than 60 contacts on three different bars cut from the same sample. The experimental setup allows us to reach temperatures down to T = 1.5 K and magnetic fields up to B = 6 T. Measure-ments of the current-voltage characteristics as well as spectra of the differential conductance dI/dV vs. voltage V were recorded simultaneously in a standard four-point geometry of the leads. To measure the dI/dV -characteristics lock-in technique was used. For that purpose, the current applied to the sample was modulated by a small ac current with ν = 9.13 kHz.
For one-band superconductor-superconductor homo contacts one expects in a simple semiconductor model a single characteristic peak in the differential conductance vs. voltage spectra at the voltage value V = 2∆/e for each polarity, where ∆ is the energy gap given by ∆ = 1.75 k B T c in the BCS weak-coupling limit. In contrast to this, in most of our measurements we could find at least two of those pronounced characteristic peaks for each polarity although the feature can be more or less distinctive when varying the contact resistance. For a theoretical description of the quasiparticle current through the junction the currents attributed to each band, respectively superconducting gap are, considered to be independent from each other. If interband scattering is neglected, the total current I tot (V ) through the point-contact can be written as the sum of the two contributions:
with a weighting parameter α (0 < α < 1). Each contribution I SS ∆ i (V ) was calculated according to
In addition, a Dynes parameter Γ was included to account for inelastic scattering processes in the contact region, i.e. E → E + iΓ. The total normalized differential conductance
was calculated by numerically differentiation of the total current I tot (V ) with respect to V . The dashed line in figure 2 was calculated in this manner. Of course that description neglects the presence of the Josephson feature in the spectra, c.f. in Fig. 2 . The parameters that describe best the data in figure 2 are: The measurements of about twenty contacts for T < 2 K were analyzed and the voltage values at which the peaks in dI/dV appeared were summarized in three histograms, see 5 . However, we note that determining ∆ from the peak in dI/dV at finite temperature overestimates the gap value. Only at T = 0 the maxima appear at ±2∆/e.
The identification of a second energy gap also sheds new light on the interpretation of the low-voltage feature in previous tunneling data.
We also studied the temperature dependence of the characteristic peaks in the dI/dV spectra. The structure that we assign to be caused by the large gap can be followed over the whole temperature range up to T c . For increasing temperature, the height of the peaks is reduced, the peaks become broader and shift to lower voltage values as expected. The peaks that we associate with the small energy gap cannot be clearly resolved for temperatures T ≥ 8 K. We attribute this to the huge zero bias feature caused by the supercurrent and to thermal broadening of the structures, both interfering with the peaks of the small energy gap. The results for three different temperatures are shown in figure 4 , the data are marked with circles and are shifted against each other for clarity. The solid lines are calculated by the two-gap approach as described above. The data obtained for T = 6 K were fitted to determine the parameters ∆ 1 , ∆ 2 , α and Γ. For the other temperatures these parameters
were kept constant and a BCS dependency of the energy gap has been assumed. As one can see in figure 4 , the temperature dependence is not exactly what is expected according to BCS theory. The deviations are more significant for the higher temperatures. Nevertheless the tendency of the peaks to shift to lower voltage values can be clearly seen. For temperatures T ≥ T c the gap features vanish and the differential conductance gets constant as expected.
We also investigated the influence of an applied magnetic field on both gap features. In our experimental setup we had the possibility to achieve magnetic fields up to H = 6 T, which is only 0.25 H c2 . Therefore, only a small influence of the magnetic field on the energy gap is expected which can hardly be distinguished in the experimental spectra. However, the
Josephson current is completely suppressed in magnetic field.
In order to exclude non-intrinsic origins for the observation of a second energy gap, we finally Sn has a very low critical field and in an applied field one expects that the features caused by the presence of the small gap would be immediately suppressed. This is not observed in the experiment.
In conclusion, our point-contact measurements on break junctions of Nb 3 Sn for the first time show the existence of two superconducting energy gaps in this material spectroscopically.
The size of both gaps is in quantitative agreement with the specific-heat measurements previously reported. The identification of Nb 3 Sn as a two-band superconductor with two independent methods asks for a revisiting of the physical properties of the A15 compounds.
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